In order to clarify an effect
On the other hand, it has been well known that grain size is one of the most important material factors affecting the fatigue properties of many kinds of wrought alloys.
However, the grain size dependence of high temperature corrosion fatigue properties has been hardly clarified.
In the present study, then, the high cycle fatigue tests were conducted at 800°C for some superalloys with a range of grain sizes controlled, in air and in the NazSOb-NaCl molten salt environment, and the corrosion-environmental effect on the fatigue strength as well as its grain size dependence were investigated in connection with the initiation and propagation behavior of the corrosion fatigue cracks.
Materials and Experimental Procedures Materials
Three kinds of wrought superalloys were used in this study: yl-precipitation-hardened nickel-base Inconel 751 alloy, y"-and/or 'y'-precipitationhardened nickel-iron-base Inconel 718 alloy, and y'-hardened Fe-42Ni-15Cr-3Mo alloy.
These chemical compositions are given in Table I . The latter one is a new alloy developed by authors group for a purpose of high performances The smooth bar specimens with 8 mm in diameter and 15 mm in gage length were machined from the heat-treated rods. Furthermore, in order to examine the fatigue crack behavior in detail, the notched bar specimens also were adopted with 5 mm in notch radius and 8 mm in specimen diameter at the notch root.
They were emery-polished through 500 grit, and were cleaned ultrasonically in acetone.
Experimental Procedures
The fatigue tests were conducted at 800°C using the rotating-bending fatigue testing machines (1500 rpm). In order to simulate an actual hot corrosive environment, the specimens were coated with synthetic salt mixture composed o-f 90% NazS04 plus 10% NaCl (m.p.=785"C).
The amount of salt mixture precoated was 0.4 kg/m2. For the prolonged fatigue tests, the coating of the same amount of salt mixture was repeated at every 3x10 5 cycles to refresh the corrosive media.
The tests in static air also were carried out using the specimens without coating the salt mixture. These two types of tests will be termed as "in hot corrosive environment" and "in air", respectively.
For both the fatigue-failure and the interrupted specimens, the metallographic examinations were made mainly on the longitudinal sections by means of an optical microscope and an electron probe X-ray microanalyzer (EPMA). The observation of the fracture surface also was conducted by a scanning electron microscopy (SEM). High temperature corrosion fatigue is also characterized by the disappearance of the fatigue limit (the endurance limit) along with the increased data scatter.
In such an aggressive environment, the fine-grained specimens are found to yield rather lowered fatigue life or at best the same one as compared with the coarse-grained specimens.
The fatigue strengths at the representative cycles in both environments are summarized in Fig. 4 However, it should be noted that in the aggressive environment the fatigue cracks always initiate at the grain boundary subjected to the intergranular penetration of sulfides followed by oxides and so on, regardless of an alloy chemistry and a grain size. Figure 6 shows a typical intergranular attack by sulfides etc. occurred in the Inconel 751 corrosion fatigue specimen (5). Such a very small corrosion pit, with a depth of approximately one grain diameter, is possible to develop already in the early fatigue stage in which the mechanical fatigue damage is hardly accumulated, so that it provides itself the crack nucleation site. Therefore, the intergranular-attack-stimulated premature crack initiation should be one of the principal causes for the marked fatigue strength degradation, as schematically shown in Fig. 7 . It should be noted that the development of intergranular attack is affected strongly by an alloy chemistry, i.e. the alloy composition, and is rather insensitive to a stress level and a grain size.
Then it is suggested that the alloy with the minimized intergranular attack sensitivity is favored to inhibit the corrosioninduced strength degradation.
In this respect, nickel-iron-base superalloys
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Figure 6 -Characteristic X-ray images at the early stage of intergranular attack in a coarse-grained
Inconel 751 specimen fatigue-tested in hot corrosive environment.
Number of cycles N Figure 7 Schematic representation showing the Nf and Ni in air and in hot corrosive environment. Nf and Ni denote the number of cycles to failure and the number of cycles to crack initiation, respectively.
seem to be more beneficial because of their inherent good intergranular attack resistance (7).
It has been known that the fatigue crack propagation process also is affected by the corrosive environments (8,9). Figure 8 shows the initiation and propagation behavior of fatigue cracks for Inconel 751 specimens in air and in hot corrosive environment, which was obtained from the microstructural measurement of the interrupted fatigue specimens. It is evident again that hot corrosive environment brings about a premature fatigue crack initiation. Furthermore, in the fine-grained specimens the corrosion fatigue cracks tend to propagate so rapidly almost along the grain boundary as to cause a premature intergranular fracture. This should be attributed to the combined effect of the mechanical fatigue and chemical corrosive damages concentrated to the grain boundary region (5).
On the contrary, are apt to be subjected to the isolated damage:
the coarse-grained specimens the grain, the fatigue damage points into while the corrosive damage prefers the grain boundary. 
